Objective: This study evaluated the impacts of a long-standing workplace health promotion (HP) program on health care utilization and costs and estimated return on investment (ROI). Methods: Analyses used a retrospective, observational cohort design based on 7 years (2005 to 2011) of health claims and HP program participation data for 3829 HP participants and 6617 controls. Inverse propensity score-weighted mixed-model regression methods were used to balance employee demographics and comorbidities by study arm. Results: Mean monthly health care costs were $35 less for HP participants compared with controls, and results were robust based on sensitivity analyses. ROI was estimated to be $2.53 for every dollar spent on the HP program. Conclusions: Results support a positive impact of HP program participation with regard to reduced health care utilization and costs and a positive ROI.
T he Centers for Disease Control and Prevention (CDC) defines a workplace health program as ''a coordinated and comprehensive set of health promotion and protection strategies implemented at the worksite that includes programs, policies, benefits, environmental supports, and links to the surrounding community designed to encourage the health and safety of all employees.'' 1,2 The workplace can be an important setting for wellness programs because of the concentration of individuals by time and place and the provision of health benefits through employer-based health plans. In addition, worksites generally function as systems for communication, education, and social support, offering repeated contacts with program participants, and a social environment that can influence norms and expectations. Worksite health programs, however, are extremely variable with regard to scope and employee participation, and prior studies have demonstrated variable but generally positive impacts of these programs as measured by changes in biometric measures, health care costs, and return on investment (ROI). [3] [4] [5] [6] [7] [8] Dating back to the mid-1980s, analyses have been conducted on the impact of worksite health promotion (HP) programs. The analyses have tended to focus on health behavior such as smoking or exercise, health outcomes such as body mass index (BMI), and financial impacts such as reduced health care costs or absenteeism. Baxter et al 4 have recently conducted a meta-analysis across worksite HP programs, and assessed the relationship between ROI and the quality of the study methodology. The authors appropriately point out the complexities involved in issues ranging from the lack of control groups, defined intervention, and common financial analysis. Currently, there is no agreement on best analytic methods and outcomes. Researchers do not agree on a standard approach for calculation of ROI. Studies performed with higher methodologic quality tended to show smaller positive ROI. In addition, studies including indirect costs tended to show lower positive ROI. In their review of published US studies from 2000 to 2010, Lerner et al 3 noted that only 2 of 10 studies that reported a positive ROI for HP programs incorporated relatively high-quality methods. Thus, Lerner called for more rigorous assessment of HP outcomes.
Several studies have evaluated shorter-term outcomes related to newly implemented HP programs. Grossmeier et al 9 found a positive ROI for a newly implemented comprehensive HP program including financial incentives tied to health care benefit premiums. Nyman et al [10] [11] [12] found no savings associated with HP programs during the first 2 years. Naydeck et al 13 and Liu et al 14 identified savings associated with 3 years of health claims following implementation of HP programs. In 2015, Musich et al 15 examined outcomes related to HP programs in place for 7 years demonstrating significant improvements in health and reduced health care costs. Parkinson et al 16 demonstrated risk reduction and reduced health care costs among heath care workers participating in a comprehensive wellness, prevention, and chronic disease management program established in 2005.
The challenges and limitations of this field of inquiry notwithstanding, the efforts of this study are aimed at contributing to the discussion of the impact of worksite HP programs. This study evaluated the effectiveness of a workplace HP in place for greater than 20 years using a retrospective, observational cohort design. Health and pharmacy claims were used in longitudinal analyses (2005 to 2011) to evaluate the impact of HP programs with regard to health care utilization and costs. Robust statistical methods were used to account for potential bias related to employees who choose not to participate in HP.
METHODS

Description of the Workforce and Workplace HP Program
The worksite engaged during this study is a large university that includes an academic medical center as well as two regional hospitals in surrounding counties. The workforce engages in research, instruction, administration, and direct patient care. The overall employment base during the study period was approximately 36,000 consisting of 35% men and 65% women. The average age of the workforce was 44.9 years with an average service time of 9.9 years. The population distribution by race/ethnicity was: white 69%; black or African American 22%; Asian 8%; and approximately 1% American Indian or Hawaiian/Pacific Islander. Approximately 3% of the workforce self-identifies as Hispanic.
The university is self-insured with four health plans that employees can choose, and approximately 32,000 of the total workforce of 36,000 are benefits eligible. In the fall of 1988, an HP program was initiated and was available to all benefits-eligible employees. The HP program is a part of Employee Occupational self-identified smokers are accessed a $30 premium surcharge that requires successful completion of the HP Tobacco Cessation Program, for the surcharge to be removed. Referrals to HP programs and services are built into the separate disease management program. Participants in disease management can earn pharmacy and copay incentives for completing care management and participating in HP services/programs, such as fitness/nutrition consultations or health coaching. The HP program can also refer a participant for disease management services, who may not have been identified through the claims process yet, but could benefit from services. During the course of clinical care for job-related injuries or fitness assessments, EOHW may refer employees to HP programs such as smoking cessation, fitness, and nutrition consultations. The HP program is integrated in these areas as part of the organization's overall population health strategy.
The HP program is voluntary, free of charge (with the exception of gym membership and chair massage), and delivered by a dedicated on-site staff. Programs and services are offered inperson in multiple and varied work locations, with web and telephonic options available, in an effort to remove participation barriers. Participants can earn ''wellness dollars'' and/or token incentives for participation. Wellness dollars can be used to purchase health and fitness items. HP incentives are not linked to health benefit plan premiums. The HP program is branded to fit the organizational culture and to be easily identified by participants across all work locations. HP program marketing and communication are multi-faceted, and the HP program works closely with internal communications in the development of marketing materials and web content. Many communications are targeted to the broad population through print materials, web, bulletin boards, listserves, health plan publications, and organizational meetings/forums. Other communications are targeted to specific work groups that are receiving HP services customized for their department or unit. Individuals may also elect to receive individualized communications based on their specific health risk or health interests.
The HP program was launched with the administration of an on-site HRA and biometric screening for cholesterol, height, weight, BMI, and blood pressure to get a baseline of the lifestyle related risks of the workforce. Initially, the main activities were general health education classes and health awareness events targeted at obtaining broad program visibility and participation. After establishing a core participant base over the years, the program direction shifted toward more targeted high-risk interventions while continuing to maintain broad-based participation and program visibility. Programs and services also shifted to a delivery model that included providing programs and services at the employees' work locations, and the program added telephonic and online modes of interaction in an effort to reduce barriers to participation and increase program accessibility. The program framework incorporates interventions that target key health indicators, including smoking, blood pressure, cholesterol, weight/nutrition, physical activity, and stress. HP program elements include:
HRA: The HRA takes place during work hours, requires approximately 30 minutes for completion, and is facilitated by a registered nurse. Employees can complete an HRA each year via three mechanisms: at new employee orientation, voluntarily through a mobile system at worksites, or via appointment in the employee health clinic. Participants may also complete a webbased HRA with self-reported biometrics. Health Coaching: During the HRA anyone with a measured BMI 30 or more, a blood pressure of at least 140/90, a cholesterol at least 240, or who self-reports they are a tobacco user are offered health coaching. Programs are approximately 12 months long, but differ in intensity and focus, depending on how much support the participant desires. In the lighter touch coaching program, participants receive one face-to-face meeting with a counselor in the first month, after monthly mailings of health education materials and electronic recommendations for various programs and wellness resources. They have two telephone counseling sessions (at months 6 and 12) which are coupled with biometric feedback. In the higher touch coaching program, participants receive monthly coaching sessions (face-to-face in months 1, 3, 6, 9, and 12, and the rest via telephone), they receive quarterly biometric feedback, targeted health education materials, and information and links to upcoming programs and wellness resources. Both programs share similar theoretical foundations. 17 In addition to the more intensive Health Coaching interventions, many other programs and services are offered through a comprehensive HP program. 
Data Sources and Cohort Definition
A matched cohort design was considered for this study, but proved impractical as the employer HP program has been in place for many years and has engaged a large fraction of employees, thus limiting the pool of potential controls for individual matching. Inability to match HP participants to a control would result in discarding a substantial number of subjects, leading to a loss in statistical power. 18 Instead, inverse propensity score-weighted multivariate regression methods were used to balance employee demographics and comorbidities by study arm in the primary analyses. A comprehensive longitudinal data system provided data for this study, and has been previously described and used for other longitudinal analyses involving health claims. 19, 20 Expenditures for employee copayments and deductibles were not included because these expenditures were not directly relevant to the employer ROI.
The HP study population included employees less than 65 years old, completing at least one HRA between January 1, 2006 and December 31, 2010, and having no evidence of participation in any HP programs in the 2 years before the study start date of January 1, 2006. The HP study population was further restricted to those who also participated in one of the employer-provided health insurance plans for a minimum of 12 months before their first study-eligible HRA and for a minimum of 12 months following their entry HRA. The start date of January 2006 was chosen, as this is the starting date for the HP health risk appraisal in the current format. The requirement for at least 12 months of health plan participation before and after the entry HRA assured sufficient data to investigate changes in health care costs and utilization related to HP participation. Employees participating in the employer-based disease management program were eliminated from these analyses to better define the impact of HP programs separate from disease management.
Controls were defined as employees less than 65 years of age who did not complete an HRA during the study period of 2006 to 2011 and did not participate in the disease management program in the 2 years before study start date or during the study period. Entry dates for controls were assigned by random selection of year and month between available dates while assuring a minimum of 12 months of health insurance plan participation before and after cohort entry. In addition, the distribution of cohort entry year for the pool of controls was matched as closely as possible to that of the study population using the range of available start dates.
HP participants and controls diagnosed with certain conditions based on health claims were excluded. These exclusions included employees undergoing transplants (heart, liver, lung, renal, and pancreas), end stage renal disease, those diagnosed with HIV/AIDS or hemophilia, or employees undergoing bariatric surgery. Members otherwise eligible were eliminated from the HP or control study arms based on diagnoses or procedures identified in baseline or follow-up health claims. DRG codes, Elixhauser disease groups, and Healthcare Cost and Utilization Project (HCUP) disease groupings were used to identify conditions for exclusions. 21, 22 Claims-Level Exclusions, Cost Data Adjustments, and High-Cost Individuals
To better compare HP participants and controls, claims related to certain health conditions unlikely to benefit from HP participation during the study time frame were excluded. These included claims related to fertility treatments, trauma, and burns. In addition, the potential impact of excluding claims related to cancers and pregnancy was assessed in sensitivity analyses. All claims-level exclusions were based on HCUP Clinical Classification System diagnosis groupings. 22 The health insurance and pharmacy claims cost data span 7 years (2005 to 2011). To compare costs incurred during different years and express them in current dollars, we adjusted for inflation. The national Consumer Price Index (CPI) for medical care was used to adjust medical and pharmacy costs as well as HP program costs to calendar year 2011.
Individuals with $100,000 or more in CPI-adjusted health and pharmacy claims costs in a given year were identified. We conducted sensitivity analyses to evaluate the impact of high-cost individuals on primary study results.
Prevalent Disease Status and Comorbidities
Medical and pharmacy claims during the 12 months of insurance coverage before the index date (HRA date or cohort entry date for controls) were used to calculate several measures of disease prevalence and comorbidity. Individual prevalent health conditions at baseline (coronary artery disease, congestive heart failure, diabetes, hypertension, asthma, chronic obstructive pulmonary disease [COPD], depression, obesity, and peripheral vascular disease) were identified using the Agency for Healthcare Research and Quality, HCUP Clinical Classification System, 22 Elixhauser comorbid conditions, 21 or the National Committee for Quality Assurance Healthcare Effectiveness Data and Information Set classification system. 23, 24 Dichotomous variables were generated to indicate presence or absence of these claims-based comorbidities.
Two baseline summary measures of comorbidity were calculated based on published methods. The first comorbidity summary was calculated using the combined Chronic Illness and Disability Payment System (CDPS) and the Medicaid Rx system (MRX). 25, 26 CDPS is a diagnosis-based risk adjustment model that uses ICD-9 codes to assess risk, and MRX is a pharmacy-based model that uses National Drug Codes (NDC) to assess risk. CDPS-Rx is a combined diagnosis and pharmacy-based model that uses both ICD-9 and NDC codes, and has been used in other costs analyses.
9,27 CDPS-Rx Version 5.3 was used for this study, and utilized both primary and secondary ICD-9 diagnoses codes. A summary CDPS-Rx risk score for the baseline period was calculated for each HP participant or control using weights specified for adults in a commercial heath care benefit program.
In addition to the CDPS-Rx risk score, Elixhauser comorbidity measures were calculated using the baseline claims data. 21 The Elixhauser comorbidity system uses claims data to assign binomial indicator variables representing the presence or absence of 31 different diagnoses. A Elixhauser comorbidity index was developed by summing binomial variables for the baseline year in the same manner as used by Dominick et al. 28 
Covariate Balance Using Propensity Scores
A randomized control trial (RCT) was impractical to address the specific aims of this study; however, robust methods are available for nonrandomized studies. 29 Inverse propensity scoreweighted regression was used to balance risk factors and covariates between study arms to mimic what happens in an RCT. 30 A propensity score is the individual probability of exposure to a treatment (HP participation) given an employee's demographics, comorbidities, and other covariates. Propensity scores for HP participation were calculated using a logistic regression model based on individual covariates in the baseline year. Our objective was to construct the best predictive propensity score model as opposed to a parsimonious model as suggested by Shah et a. 31 Covariates included in the final propensity score logistic model are shown in Table 1 .
The output of the logistic model was an individual propensity score, and this was used to calculate inverse propensity score weights used in the primary analyses. Propensity scores were classified into quintiles for some analyses. The use of five groups is common, and has been shown to remove 90% of bias from a confounding variable. 32 Covariate balance achieved using the propensity score quintiles was assessed by evaluating the HP and control group propensity score distribution by propensity score quintile and by calculating standardized differences for each covariate. Standardized differences were calculated as the difference in means for continuous variables or proportions (prevalence) for dichotomous variables between the HP and control groups divided by a measure of the standard deviation of the variable. For categorical variables with multiple levels, the standardized difference was calculated for each level. 33 The standardized difference thus represents the number of standard deviations by which the two groups differ and is not influenced by sample size. The SAS macros developed by Suarez and Faries, based on the methods developed by Austin, were used to calculate standardized differences. 32, 34 Although there are no firm criteria for evaluating standardized differences, absolute standardized differences less than 0.10 are generally considered an indication that adequate covariate balance has been achieved.
34,35
Levels of HP Program Participation
As previously described, employees are provided with a wide range of HP activities to choose from, ranging from informational materials to in-person health coaching and physical activity programs. The data system recorded employee participation in 148 different HP program activities for each month of the study period. For the current study, HP participants were assigned categorical variables to define the level of program participation based on intensity of the intervention in a manner similar to that used by Neydeck et al 13 and Ozminkowski et al. 36 Senior HP program staff classified all recorded HP program activity types into the following summary categories for statistical analyses: (1) Health Risk Appraisal, (2) Health Checks with biometric measurements, (3) Health Improvement-Informational Materials, (4) Health Improvement-In-Person Counseling, (5) Physical Activity-Cardio, and (6) Physical Activity-Non-Cardio. Time-varying summary measures of cumulative HP program engagement were developed based on the cumulative sum of individual program encounters by these activity categories for each month of follow-up. An overall time-varying cumulative measure of HP program engagement was developed as the sum of all activity categories.
We conducted several preliminary analyses of the individual HP participation data, and found that most employees in the HP study arm participated in multiple offered programs and only 10.3% of employees in the HP study arm had only an HRA. In addition, most employees participating in in-person counseling and health coaching also had evidence of participating in other activities. Given the high degree of overlap and correlation within the HP participation data, we dichotomized HP participation into the following categories by intensity:
HP participation group Included activities Low to medium intensity Health Risk Appraisal, Health ImprovementInformational Materials, Physical ActivityCardio, Physical Activity-Non-Cardio, Health Checks, Health ImprovementIn-Person Counseling High intensity 12-month duration Health Coaching programs For our longitudinal analyses, level of HP participation was treated as a time-varying covariate. After the entry HRA, employees may begin HP program participation at any time during the followup period, and our analytical framework took this into consideration. For the analyses of impacts by HP program-intensity categories described above, we classified employees by highest intensity achieved, and once an employee participated in one of the high-intensity programs, their status was classified as high intensity for the remainder of their follow-up.
Outcomes Analyses
Descriptive analyses were used to compare baseline characteristics of HP participants and controls. Continuous variables were compared by Analysis of Variance procedures using SAS Proc generalized linear model (GLM). The Wilcoxon rank-sum test using SAS Proc NPARIWAY was used for comparing continuous variables that departed significantly from a normal distribution. Categorical variables were compared using the chi-square test of general association. Health care utilization and costs for HP participants and controls were compared using inverse propensity score-weighted regression in a mixed-model context. Inverse propensity score weighting was used to eliminate most of the statistical differences between HP participants and nonparticipants, and any remaining differences in demographic, health plan choice, and baseline comorbidities were adjusted for in the final mixed models. 15, 35, 37 The primary study outcome was mean monthly plan paid costs for the sum of inpatient, outpatient, and pharmacy services. Subanalyses investigated mean monthly health plan paid costs separately for inpatient, outpatient, and pharmacy services as well as mean monthly utilization rates (events/1000 months of health insurance coverage) for emergency department (ED) visits, hospital admissions, and hospital stay days.
HP program effects were estimated by comparing changes in health care costs and utilization between the baseline year and follow-up years for HP participants and controls. Mixed effects linear models that included individual-level random effects were used to account for repeated measures by individuals and individual factors affecting HP program engagement in a manner similar to other studies. 14, 38 Inverse propensity score-weighted mixed effects models were developed for each study outcome using the following model form:
where i is the index for individuals; t the index for follow-up period (years) after cohort entry (1 to 2 and 3 or more); Y it the monthly cost or utilization for member i in follow-up time period t; X it the vector of individual-level covariates for age, sex, race/ethnicity, plan type, CDPS-Rx risk score, and dichotomous variables for coronary artery disease, congestive heart failure, diabetes, hypertension, asthma, COPD, depression, obesity, and peripheral vascular disease using claims data in the baseline year; Baseline i the mean monthly cost or utilization for member i in the baseline year; j i the each study member's mixed-model random effects; and m it is an error term.
An interaction between time period and study arm was included to allow for differential effects of the HP program as a function of time since first HP program engagement and cohort entry. All individual characteristics were fixed at baseline except age which varied over the follow-up period. Analyses that investigated effects of varying levels of HP participation also included the measures of cumulative HP participation as a time-varying effect. HP programs were only allowed to have an effect on the current or following years in the analysis. SAS Proc Mixed was used for model-building using restricted maximum likelihood. Least squares means estimators from the regression models were used to estimate HP program effects while adjusting for model covariates.
ROI
ROI calculation was based on a benefit-cost ratio, and was calculated as the total savings associated with HP program participation divided by total costs associated with the HP program. The savings were derived based on the mixed-model estimates of mean monthly health care cost saving associated with HP program participation multiplied by the total number of HP program participants in each year of follow-up to arrive at total estimated program cost savings. HP program management and administration functions are purchased from an external vendor, and detailed budgets for the HP program are maintained by the university; therefore, HP program costs are well defined. Institutional staff and administrative costs associated with leadership and management of the HP program were included. 7 Program costs were based on total annual costs for the entire HP program for all employees (HP program participants and nonparticipants) adjusted to 2011 dollars. ROI was estimated as the total savings divided by program total costs for 2006 to 2011.
Sensitivity Analyses
In addition to our inverse propensity score mixed effects regression modeling of costs and utilization, we conducted several additional sensitivity analyses using different analytical approaches and study designs to evaluate robustness of findings for the primary study outcome (total plan paid costs). Propensity score adjustment as opposed to inverse propensity score weighting is another method used in statistical models for bias control. 32 Sensitivity analyses were conducted based on propensity score adjustment using the same mixed-model structure and covariates included in the primary study model. Propensity score quintile categories were included in this model for control of potential bias.
An alternative modeling approach used for several recent studies used inverse propensity score weighting or propensity score adjustment in exponential conditional mean regression models. 15, 32, 37, 39 We conducted similar analyses of our data. For these analyses, inverse propensity score weights were used in a general linear model with a log link function, a negative binomial distribution function, and included the same covariates for age, sex, race/ethnicity, health plan, and baseline comorbidities incorporated in the primary study model. An identical model was developed based on propensity score adjustment rather than weighting, and the final choice of conditional mean regression model was based on a comparison of model fit statistics. A repeated measures generalized estimating equations (GEE) model was used to control for correlated repeated monthly measures of health care utilization and associated costs. Impact of HP participation was calculated using difference-in-difference estimates from the final regression model.
Our sensitivity analyses also used several non-model-based methods. One non-model-based analytical approach commonly used is direct calculation of mean differences in treatment effects within propensity score strata, with an overall effect calculated as a weighted average across all strata. 40, 41 Strata effects were weighted by the inverse variance of the stratum-specific mean effect to arrive at an overall HP program effect. This approach is based on the assumption that HP program exposure is essentially at random for individuals with the same propensity quintile, with the expectation that mean comparisons within propensity score groups are unbiased.
Although we considered individual matching of HP participants to controls to be potentially inefficient because of the possibility of omitting nonmatching cases and subsequent loss of statistical power, we performed a 1-to-1 propensity score-matched analysis as our final check of robustness of study findings. We matched HP participants with a single observation in the control group (1:1 matching without replacement) using the ''greedy'' best-match sampling algorithm developed by Lanehart et al. 40 A matching caliper of 0.15 was used, and if no control observations were available within the range specified by the caliper for an HP participant, then no matched pair is created and the HP participant was dropped. The difference between the outcome means in the HP and control group was tested using a correlated means t test.
RESULTS
Cohort Characteristics and Propensity Score Diagnostics
The final study cohort for the primary analyses included 3829 HP participants and 6603 controls, who contributed 517,431 person-months of health plan coverage during the baseline and follow-up time periods. Table 1 provides a comparison of baseline covariates for the cohort by study arm before propensity score stratification to balance covariates. Compared with controls, HP participants were more represented by women and blacks, had a higher prevalence of diabetes and hypertension, and had a higher mean Elixhauser comorbidity index score. COPD prevalence was slightly higher among controls.
The distribution of propensity scores for HP participants and controls demonstrated a significant degree of overlap (Fig. 1) , thus providing common support for propensity score methods. Stratification of propensity scores into quintiles resulted in acceptable overall balance within each stratum as shown in Figure 2 . Lastly, results of the standardized differences analyses demonstrated adequate overall covariate adjustment as shown in Table 3 . Although good overall covariate balance was achieved with the propensity scores, baseline covariates were included in the statistical models as an additional measure of control for any remaining differences in demographic, health plan choice, and baseline comorbidities.
Overall Results
Primary study results are shown in Table 4 . HP participants were found to have significantly lower mean monthly health care costs and utilization following initiation of HP program participation compared with controls. On average, total mean monthly health care costs were approximately $35.1 less for HP participants compared with controls. The reduction in total monthly health care costs was driven by reductions in outpatient costs (À$22.9) and inpatient costs (À$17.9). HP participants experienced a slight increase in average monthly pharmacy costs (þ$3.8), although this increase was not statistically significant (P ¼ 0.4375). HP participants also experienced significant reductions in ED visit rates (À1.33 visits/1000 insurance months), rates of hospital admissions (À1.10 admissions/1000 insurance months), and days in the hospital (À4.50 days/1000 insurance months) compared with controls. 
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In addition to overall estimates of HP program impact, our statistical model allowed assessment of impacts by time period following initial HP program engagement. Figure 3 provides estimates of mean cost differences for the first 2 years after HP engagement and for years 3 to 5. In the first 2 years following HP engagement, the mean monthly total cost savings was $37.7 compared with $32.4 in years 3 to 5. Outpatient and inpatient costs observed a different pattern with outpatient costs decreasing more in the first 2 years, whereas greater inpatient cost reductions were observed after 3 or more years following HP program engagement.
Analyses based on the level of HP program participation demonstrated a broad, general effect of HP programs. Only 10.3% of employees in the HP study arm had an HRA only, and a high degree of overlap and correlation was found for the categorical classifications for HP program participation. We observed a statistically significant association between the cumulative measure of HP program participation and reduced total mean monthly health care costs (P < 0.05). Based on the dichotomous classification of participation intensity, a greater impact was observed among employees participating in more intense 12-month coaching programs as shown in Table 5 . Although the overall cost reduction among all HP participants was $35.1 per member per month, participants in the two high-intensity programs experienced a mean reduction in plan paid costs of $88.2 per member per month.
Sensitivity Analyses
We conducted a number of sensitivity analyses to evaluate robustness of our primary effect estimates, and these results are shown in Table 6 . These additional analyses were based on total plan paid costs. Mixed models based on propensity score adjustment rather than inverse propensity score weighting found a mean monthly cost savings of $39.7 (P ¼ 0.0363) for HP program participants compared with controls. The propensity score-adjusted exponential conditional means GEE model found a comparable mean monthly reduction of $39.5 (P ¼ 0.0071).
Analyses based on propensity score stratification and direct calculation of mean differences in treatment effects within propensity strata resulted in an estimated mean monthly total cost reduction of $22 (P ¼ 0.0100) among HP participants compared with controls. Analyses based on individual matching resulted in 2951 HP participants matched to 2951 controls. Although the matched analyses had reduced statistical power because of exclusion of 878 HP participants and 3666 controls, HP program participants were found to have a mean monthly total paid cost savings of $33.0 (P ¼ 0.1540). The effect point estimate from the matched analyses is thus comparable to the effect seen with models using statistical adjustment. 
Ã
Inverse propensity score-weighted mixed models, including covariates for age, sex, race/ethnicity, health plan, CDPS-Rx comorbidity risk score, and dichotomous covariates for diabetes, hypertension, CAD, CHF, asthma, COPD, depression, and PVD. Individual-level random effects were included in these models. We assessed the potential impact of excluding cancer and pregnancy claims in our primary model for monthly plan paid costs. Exclusion of cancer claims reduced the total paid cost savings by approximately 10% (to $31.4) and exclusion of pregnancy-related claims reduced the monthly savings less than 3% (to $34.3). Support for inclusion of cancer and pregnancy claims is provided in the literature. Both diet and physical activity have been shown to reduce risk of pregnancy-related conditions such as gestational diabetes 42 and to decrease inflammatory markers such as C-reactive protein, associated with risk of some cancers. [43] [44] [45] [46] Lastly, we ran an additional model for total paid costs that included a dichotomous covariate to indicate individuals (HP participants and controls) with total paid costs in excess of $100,000 in any study year. After model adjustment for high-cost employees, HP participants experienced an estimated mean monthly total paid cost savings of $26.2 (P ¼ 0.0898) compared with controls. Adjustment for high-cost individuals likely represents an overly conservative approach, as these individuals are generally those of interest with regard to cost savings and those who may benefit most from HP program participation. Taken as a whole, these additional sensitivity analyses suggest that cost reductions observed in the primary analyses are reasonably robust with regard to study design, analytical approach, inclusion or exclusion of cancers and pregnancy claims, and high-cost outliers.
Return on Investment
Results of the ROI analyses that included data for 2006 to 2011 are shown in Table 7 . The ROI estimate is based on our study best estimate of $35 per member per month health care cost savings associated with HP program participation and HP program participation data. We estimate a health care cost savings of $2.53 for each dollar invested in the HP program.
DISCUSSION
This study found that employees participating in HP programs experienced significantly reduced plan paid health care costs and health care utilization compared with controls, after adjustment for differences in demographics, disease prevalence, and measures of comorbidity. A much earlier study of this employee population found HP program participation to reduce health risk factors. 47 The primary study results found a mean monthly reduction in total costs of $35.1, and sensitivity analyses provided additional support for this result. Given that only 10.3% of the HP study arm had only an HRA, these results should be considered to apply to employees participating in HP programs beyond just completing an HRA. A prior review by the Task Force on Community Preventive Services concluded that there was insufficient evidence to determine the effectiveness of interventions such as an HRA with feedback when implemented by itself as a primary intervention. 48 HP participation 
Ã
Inverse propensity score-weighted mixed models, including covariates for age, sex, race/ethnicity, health plan, CDPS-Rx comorbidity risk score, and dichotomous covariates for diabetes, hypertension, CAD, CHF, asthma, COPD, depression, and PVD. Individual-level random effects were included in these models. was complex and highly correlated; however, these data provide some support for a greater impact of more intense programs such as 12-month duration health coaching.
It is likely that certain program design elements contributed to the higher levels of participant engagement for this employee population compared with some other HP programs with ROI estimates. The HRA being administered by an HP program staff registered nurse as part of pre-employment and offered at various worksites across the organization on an ongoing basis made it easily accessible. The HRA also included a feedback and goal setting session and immediate referral to coaching and other appropriate HP program and organizational programs/services. In addition, the structure of the coaching program provided a combination of in-person and telephonic coaching monthly, with biometric feedback on a quarterly basis. Overall, the HP program offered a wide variety of program options delivered in-person, online, and telephonically providing the participant multiple engagement options.
Results of published studies concerning the economic impact of HP and disease prevention programs have widely varied. In a recent review, Lerner et al 3 identified 13 published studies with 10 reporting favorable results. Unfortunately, various deficiencies were noted in most of the studies reporting favorable results, and only two studies were judged to exhibit relatively high-quality research methods. The high-quality studies included the publication by Naydeck et al, 13 which evaluated the Highmark, Inc programs and found an average annual savings of $176 for program participants over the 3-year study period following program initiation in 2002. Their study used risk matching to control for potential confounders, but did not exclude employees who engaged in disease management. In contrast to our findings, Naydeck et al showed that the largest savings were associated with inpatient expenses. This study also found an overall significant effect regardless of whether employees only completed an HRA, participated in coaching, online, group or individual programs, or visited the fitness center along with engaging in other wellness programs. The only statistically significant program-specific effect was for participants who used an HRA and the fitness center.
A recently published study provides additional evidence to support positive impacts of HP and disease prevention programs. In 2013, Grossmeier et al 9 evaluated financial impact of the newly initiated BP America population health management program and found a $60 per member per month savings for participants HP and an ROI of 3.00. Our study is similar to Grossmeier et al and Musich et al, using robust statistical methods to account for participation bias. Program elements, however, differed between these studies and ours. BP included the employee assistance program and disease management. The ''Well at Dell'' study also Propensity score adjusted mixed model with adjustment for propensity score quintile, mean monthly costs at baseline, time period, age, sex, race/ethnicity, plan type, and baseline comorbidities.
z Propensity score adjusted difference-in-difference GEE exponential conditional mean model with adjustment for propensity score quintile, time period, age, sex, race/ ethnicity, plan type, and baseline comorbidities. § 1-to-1 propensity score-matched analysis with difference between the outcome means in the HP and control group tested using a correlated means t-test. These analyses based on 2951 HP participants matched to 2951 controls, resulting in reduced statistical power compared with the study primary analyses.
jj Overall estimates of effect of HP participation estimated based on inverse variance-weighted propensity score quintile stratum-specific mean effects. included disease management. Both the Well at Dell and BP programs included premium incentives for participants, a feature not adopted by our administration.
Parkinson et al 16 evaluated the impact of a health insurance incentivized wellness, prevention, and chronic disease management program among health care workers established in 2005, and observed over a 5-year time period. Significant improvements in health risk levels attributable to the programs were observed, and significantly lower health care costs were observed among members who reduced risk levels relative to a propensity score-matched comparison group. Members who reduced risks from moderate to low risk experienced a reduction of $73 per member per month in total health care costs, whereas those moving from high to low risk experienced a much larger reduction of $246 per member per month. This study did not provide an ROI estimate.
Findings from recent well-designed studies differ regarding the specific elements of HP programs associated with savings. We found greater savings associated with higher intensity participation. Other studies have not reported findings from similar analyses. To examine effects of the HP program separate from disease management, we excluded any disease management program participants, thus our ROI might be less compared with studies that investigated these programs in combination.
The scope of our evaluation was limited to impacts of the HP program on direct employer-paid health care costs. Workplace wellness programs generate a range of non-health related benefits as well as indirect benefits that provide substantial value to employers not captured in ROI analyses.
1 Indirect benefits associated with HP programs may include increased attraction and retention of top talent, public recognition of the sponsoring organization as an employer of choice, increased employee engagement with their employer, and increased employee productivity. 9 
STRENGTHS AND LIMITATIONS
This study has several strengths including a reasonably large study population of HP program participants and controls observed for up to 5 years after initial HP program participation. In addition, the HP program was very mature at the time of this evaluation having been initiated in 1988, assuring greater overall integration into the workplace culture and minimizing potential startup effects. The study design used several methods to control for potential bias related to HP program participation, and robustness of primary study findings was supported through sensitivity analyses using other designs and analytical approaches.
Although we made every effort to control for potential covariate imbalance and bias, concerns may remain over the generalizability of estimates obtained and whether use of propensity scores within the statistical models removed bias. Apparent balance between compared groups on measured variables could leave differences in nonobservable or unmeasured variables not included in the propensity score unbalanced and lead to confounded effect estimates. Some additional assurance of adequate covariate balance and removal of bias is provided through the sensitivity analyses, which supported the primary study results. An additional limitation is a possible measurement bias in the categorization of participants into the various HP program categories. There may have been individuals placed in the control group who were actually physically active or actively pursuing wellness activities outside the employer HP programs.
CONCLUSIONS
This study supports a positive impact of HP program participation with regard to reduced health care costs and health care utilization. The plausible range of total cost savings per member per month was $22 to $40 with a study best estimate of approximately $35. ROI was estimated to be $2.53 for every dollar spent on HP. These results are comparable to results observed in well-designed studies of the impacts of comprehensive and well-integrated HP programs. HP programs may have numerous other indirect benefits that are difficult to quantitate, but are none-the-less important with regard to employer decisions to invest in these programs.
Our results may not be generalizable to smaller employers implementing new HP programs. Our long-standing HP program has become ingrained into the workplace culture. The program is comprehensive as defined in Healthy People 2010, and provides health education in a supportive social and physical environment. Free services are provided to employees who volunteer to participate. The program is proactive visiting worksites to collect HRAs and provide special programming. Participants are linked to related programs including EAP and disease management. Owing to the long-standing availability and acceptance of HP programs, managers regularly utilize HP programs when seeking to improve work culture. These features along with efficient programming costs likely contribute to our findings of a positive ROI.
